INTRODUCTION {#s1}
============

Lung cancer is the leading cause of cancer death worldwide and in China \[[@R1]--[@R4]\]. The estimated incidence and mortality of lung cancer in 2015 is 733.3 and 610.2 per 100,000 population respectively in China \[[@R5]\]. Lung cancer disproportionally affects men and urban populations than women and rural populations, and it is estimated that air pollution will be the primary cause of lung cancer in China by 2020 \[[@R6]\]. Majority lung cancers are non-small cell lung cancer (NSCLC) with following four histologic types: adenocarcinoma, squamous cell carcinoma, large cell carcinoma, and mixed histologies \[[@R7], [@R8]\]. Less than 50% of NSCLC patients are diagnosed with stage I or II disease, which are amendable for surgical resection with curative intent \[[@R9]\]. Even among patients who undergo such complete and presumably curative surgical treatment, approximately 40--50% of patients will have and die from recurrent disease \[[@R10]\]. Novel prognostic markers and therapeutic targets are needed to improve the overall survival of NSCLC patients \[[@R11]\].

TMPRSS11D belongs to the type II transmembrane serine protease (TTSP) family, which is the largest group of pericellular serine proteases. TTSP family is discovered through systematic genome-mining \[[@R12]\], containing a hydrophobic signal anchor at the N-terminal, an extracellular serine protease domain of the chymotrypsin (S1) fold at the C-terminal, and a variable stem region in the middle. The human TTSP family has 17 members, subdivided into four subfamilies. TMPRSS11D, also called human airway trypsin-like protease (HAT), belongs to the differentially expressed in squamous cell carcinoma (DESC) subfamily. It contains a single sea urchin sperm protein, enteropeptidase, agrin (SEA) domain in the middle.

TMPRSS11D was originally purified and cloned from the sputum of patients with chronic airway disease \[[@R13], [@R14]\]. It is highly expressed in respiratory epithelium, and its expression has also been detected in cervix, esophagus, prostate, trachea, and lung tissues \[[@R15]\]. Potential substrates of TMPRSS11D include fibrinogen \[[@R16]\], protease activated receptor (PAR)-2 \[[@R17]\], urokinase-type plasminogen activator receptor (uPAR, CD87) \[[@R18]\], and macrophage-stimulating protein (MSP) \[[@R19]\]. In addition, TMPRSS11D can proteolytically activate influenza A, influenza B, and severe acute respiratory syndrome coronavirus (SARS-CoV) \[[@R20]--[@R22]\], it is also expressed by important influenza and SARS-coronavirus target cells, therefore can support spread of these viruses in human host \[[@R23]\].

The role of TMPRSS11D in cancer has been investigated during squamous cell carcinogenesis \[[@R24]\]. TMPRSS11D protein is expressed on the surface of differentiated epithelial cells in normal cervical and esophageal epithelia, but significantly reduced or undetectable in late stages of cervical and esophageal cancers. Little is known about TMPRSS11D expression pattern in other types of cancer, including NSCLC.

In the current study, we measured both mRNA and protein level of TMPRSS11D in NSCLC tissue samples by quantitative reverse transcription PCR (qRT-PCR) and tissue microarray immunohistochemistry analysis (TMA-IHC) respectively. Subsequently, TMPRSS11D protein level was correlated with patients' clinical characteristics and overall survival.

RESULTS {#s2}
=======

TMPRSS11D mRNA level was significantly higher in NSCLC tumorous tissues than in adjacent normal tissues {#s2_1}
-------------------------------------------------------------------------------------------------------

We determined TMPRSS11D mRNA level in 24 pairs of fresh frozen NSCLC tumorous and adjacent normal tissues. Relative TMPRSS11D mRNA expression level was normalized to the expression of housekeeping gene GAPDH. TMPRSS11D mRNA expression level was significantly higher in NSCLC tumorous tissues (2.451 ± 0.2481) when compared to adjacent normal tissues (1.174 ± 0.1625) (*P* \< 0.001) (Figure [1](#F1){ref-type="fig"}).

![TMPRSS11D mRNA level was significantly higher in NSCLC tumorous tissues than in adjacent normal tissues\
TMPRSS11D mRNA was determined by qRT-PCR and relative quantification analysis by normalizing to GAPDH mRNA.](oncotarget-08-12812-g001){#F1}

TMPRSS11D protein level was significantly higher in NSCLC tumorous tissues than adjacent normal tissues {#s2_2}
-------------------------------------------------------------------------------------------------------

We determined TMPRSS11D protein expression in 334 tumorous and 132 matched adjacent normal archived NSCLC tissue blocks. High TMPRSS11D expression was detected in 48.50% of tumorous tissues, significantly higher than 11.36% detected in normal lung tissues (Pearson χ^2^ = 55.399, *P* \< 0.001, Figure [2](#F2){ref-type="fig"}).

![TMPRSS11D immunohistochemistry analysis in NSCLC and adjacent normal tissues\
**(A)** adenocarcinoma tissue strong positive for TMPRSS11D staining, **(B)** squamous cell carcinoma tissue strong positive for TMPRSS11D staining, **(C)** adjacent normal alveolar epithelium tissue negative for TMPRSS11D staining. A1-C1: 40× magnification (bar = 500 μm), A2--C2: 40× magnification (bar = 500 μm). Red arrow indicates positive TMPRSS11D staining, and green arrow indicates negative TMPRSS11D staining](oncotarget-08-12812-g002){#F2}

Association of TMPRSS11D expression with NSCLC clinical characteristics {#s2_3}
-----------------------------------------------------------------------

Next, we correlated TMPRSS11D protein expression with NSCLC patients' clinical characteristics, including gender, age at diagnosis, histological type, differentiation, and TNM stage. High TMPRSS11D protein expression was significantly associated with TNM staging (Pearson χ^2^ = 10.913, *P* = 0.004) (Table [1](#T1){ref-type="table"}): present in 60.00% of stage III and IV patients, 57.14% of stage II patients, and 40.23% of stage 0 and I patients; as well as N stage (Pearson χ^2^ = 7.428, *P* = 0.024): present in 58.49% N2 stage patients, 58.11% N1 stage patients, and 42.86% N0 stage patients.

###### Relationship between the expression of TMPRSS11D and clinicopathological characteristics in NSCLC

  Characteristic           *n*   Low expression       High expression   Pearson χ^2^   *P*
  ------------------------ ----- -------------------- ----------------- -------------- ---------
  Total                    334   172 (51.50)          162 (48.50)                      
  Sex                                                                   0.941          0.332
   Male                    221   118 (53.39)          103 (46.61)                      
   Female                  113   54 (47.79)           59 (52.21)                       
  Age                                                                   0.355          0.551
   \<60                    187   99 (52.94)           88 (47.06)                       
   ≥60                     147   73 (49.66)           74 (50.34)                       
  Histological type                                                     0.357          0.550
   Adenocarcinoma          173   92 (53.18)           81 (46.82)                       
   SCC                     111   55 (49.55)           56 (50.45)                       
   Others                  50    25                   25                               
  Differentiation                                                       0.146          0.702
   Low grade               90    49 (54.44)           41 (45.56)                       
   Middle and High grade   219   114 (52.05)          105 (47.95)                      
   Others                  25    9                    16                               
  TNM stage                                                             10.913         0.004\*
   0--I                    174   104 (59.77)          70 (40.23)                       
   II                      91    39 (42.86)           52 (57.14)                       
   III + V                 65    26 (40.00)           39 (60.00)                       
   Unknown                 4     3                    1                                
  T                                                                     1.400          0.497
   Tis + T1                140   77 (55.00)           71 (45.00)                       
   T2                      167   81 (48.50)           86 (51.50)                       
   T3,4                    23    11 (47.83)           12 (52.17)                       
   Unknown                 4     3                    1                                
  N                                                                     7.428          0.024\*
   N0                      203   116 (57.14)          87 (42.86)                       
   N1                      74    31 (41.89) 950.00)   43 (58.11)                       
   N2                      53    22 (41.51)           31 (58.49)                       
   Unknown                 4     3                    1                                

\* *p* \< 0.05.

High TMPRSS11D expression predicts poor overall survival in NSCLC patients {#s2_4}
--------------------------------------------------------------------------

Finally, we analyzed prognostic factors in NSCLC patients using both univariate and multivariate analysis. In univariate analysis, high TMPRSS11D expression (HR, 2.412, 95% CI: 1.782--3.265; *P* \< 0.001), sex (being male) (HR, 1.424, 95% CI: 1.034--1.960; *P* = 0.030), T stage (HR, 1.600, 95% CI: 1.261--2.030; *P* \< 0.001), N stage (HR, 1.698, 95% CI: 1.428--2.018; *P* \< 0.001), and TNM staging (HR, 1.755, 95% CI: 1.477--2.085; *P* \< 0.001) were significantly associated with overall survival. TMPRSS11D expression, sex, and TNM staging were then included in the multivariate analysis. In multivariate analysis, high TMPRSS11D expression (HR, 2.246, 95% CI: 1.646--3.065; *P* \< 0.001), sex (being male) (HR, 1.455, 95% CI: 1.055--2.007; *P* = 0.022), and TNM staging (HR, 1.617, 95% CI: 1.356--1.929; *P* \< 0.001) remained significantly associated with poor overall survival (Table [2](#T2){ref-type="table"}). Similar results were shown by the Kaplan-Meier survival curve (Figure [3](#F3){ref-type="fig"}).

###### Univariate and multivariate analysis of different prognostic factors for 5-year survival in patients with NSCLC

  Characteristic                Univariate analysis   Multivariate analysis                                       
  ----------------------------- --------------------- ----------------------- -------------- ------- ------------ --------------
  TMPRSS11D expression          2.412                 \< 0.001\*              1.782--3.265   2.246   \< 0.001\*   1.646--3.065
  High vs. low                                                                                                    
  Age(years)                    1.090                 0.562                   0.814--1.460                        
  ≤ 60 vs. \> 60                                                                                                  
  Sex                           1.424                 0.030\*                 1.034--1.960   1.455   0.022\*      1.055--2.007
  Male vs. female                                                                                                 
  Differentiation               0.867                 0.395                   0.625--1.204                        
  Well vs. moderate and poor                                                                                      
  Histological type             1.326                 0.082                   0.965--1.823                        
  Sq vs. Ad vs. others                                                                                            
  T                             1.600                 \< 0.001\*              1.261--2.030                        
  Tis + T1 vs. T2 vs. T3 + T4                                                                                     
  N                             1.698                 \< 0.001\*              1.428--2.018                        
  N0 vs. N1 vs. N2                                                                                                
  TNM stage                     1.755                 \< 0.001\*              1.477--2.085   1.617   \< 0.001\*   1.356--1.929
  0--I vs II vs. III--IV                                                                                          

\* *p* \< 0.05. TNM stage contains T stage and N stage, therefore, they were not included in the multivariate analysis.

![Survival curves of NSCLC patients by the Kaplan--Meier method and the log-rank test\
**(A)** NSCLC patients with high TMPRSS11D expression (green line, 1) had significantly worse overall survival than NSCLC patients with low or no TMPRSS11D expression (blue line, 0); **(B)** male NSCLC patients (green line, 1) had significantly worse overall survival than female NSCLC patients (blue line, 0); **(C)** stage III-IV NSCLC patients had worst overall survival (grey line, 3), than stage II NSCLC patients (green line, 2) and stage 0-I NSCLC patients (blue line, 1)](oncotarget-08-12812-g003){#F3}

DISCUSSION {#s3}
==========

In the current study, we determined mRNA and protein expression levels of TMPRSS11D in both NSCLC tumorous and adjacent normal tissues. TMPRSS11D mRNA and protein level were significantly higher in tumorous tissues than in adjacent normal tissues. High TMPRSS11D protein level was significantly associated with TNM staging, and high TMPRSS11D protein expression is an independent prognostic marker for poor overall survival in NSCLC patients.

TMPRSS11D (HAT) belongs to the HAT/DESC subfamily of the type II transmembrane serine protease (TTSP) family, with additional four members in human genome: DESC1 (TMPRSS11E), TMPRSS1A, HATL4 (TMPRSS11F), and HATL5 (TMPRSS11B). Expression of DESC members are highly coordinated, and deletion in mice suggest that TMPRSS1A and TMPRSS11D are not essential for development, health, long-term survival \[[@R15]\]. TMPRSS11D protein is highly expressed in respiratory epithelium, localized in the suprabasal layer of bronchial epithelium as well as basal region of their associated cilia \[[@R25], [@R26]\]. Similarly TMPRSS11D protein is localized on the surface of differentiated epithelial cells in cervix and esophagus. Consistent with this observation, its expression was reduced or undetectable during cervical and esophageal cancer development, where epithelial cells undergo dedifferentiation \[[@R24]\]. Similar expression pattern was observed for DESC1 in head and neck cancer \[[@R27]\], and HATL5 (TMPRSS11B) in cervical, esophageal, head and neck cancer \[[@R28]\].

Unlike the cases in cervix and esophagus, we observed overexpression of TMPRSS11D in NSCLC compared to adjacent normal tissues, suggesting TMPRSS11D plays an oncogenic role in NSCLC development. This is consistent with the observation on other subfamily TTSP members. TMPRSS4 is overexpressed in pancreatic cancer when compared to healthy tissue. It is also highly expressed in thyroid, lung, liver, colon, ovarian, and gastric cancer \[[@R29]\]. It has been shown that overexpression of TMPRSS4 promotes invasion and metastasis through upregulating epithelial mesenchymal transition (EMT). TMPRSS2 is upregulated by androgenic hormone in prostate cancer cells \[[@R30]\]. In addition, TMPRSS2-ERG fusion is present in 40%--80% of prostate cancers, overexpression of estrogen-regulated gene (ERG) due to gene fusion is associated with a more aggressive phenotype in prostate cancer \[[@R31], [@R32]\].

Mechanistically, based on its known substrates, TMPRSS11D can promote tumorigenesis through cell proliferation, invasion and metastasis, and inflammation. Through PAR-2, TMPRSS11D can increase intracellular free Ca2+ \[[@R33]\], and stimulate proliferation of human bronchial fibroblast cells through MEK-MAPK signaling pathway \[[@R17]\]. Through MSP, TMPRSS11D can activate the MSP-RON signaling pathway in the respiratory tract \[[@R19]\], a signaling pathway involved in invasive growth of different types of cancer \[[@R34]\]. Through PAR-2, TMPRSS11D can mediate IL-8 production and accumulation of inflammatory cells \[[@R35]\]; through amphiregulin (AR), TMPRSS11D can activate regulatory T lymphocytes and suppresses CD8+ T cell-mediated antitumor response \[[@R36]\]. Alternatively, TMPRSS11D might have its unique substrates during NSCLC development. Identification of TMPRSS11D substrates and inhibitors in NSCLC is an essential step towards the development of novel therapies based on TMPRSS11D.

Our study suffers the same limitations of retrospective studies: our results might be subject to sample selection bias, extension to other populations needs further validation. For example, our data showed that male NSCLC patients had poor overall survival than female NSCLC patients, currently, we do not know whether this reflects the biology of NSCLC or this is due to sample selection bias; IHC data are semi-quantitative, therefore, our results should be validated using alternative methods; we did not determine the expression of other HAT/DESC subfamily members in NSCLC, though it has been reported that these genes are coordinately expressed and may be functionally redundant. We did not perform *in vitro* functional analysis, thus could not determine whether TMPRSS11D overexpression is the cause or the consequence of NSCLC progression.

In conclusion, our study demonstrates that TMPRSS11D could play an important role in the development of NSCLC and TMPRSS11D overexpression is an independent prognostic marker for NSCLC in Chinese population. Future clinical studies should investigate the role of other HAT/DESC subfamily members in NSCLC, and *in vitro* functional studies are needed to decipher the differential roles TMPRSS11D plays in various types of cancer. These studies are necessary to determine whether HAT/DESC family members are potential novel therapeutic targets in NSCLC.

MATERIALS AND METHODS {#s4}
=====================

Human tissue specimens and patient clinical information {#s4_1}
-------------------------------------------------------

A total of 358 NSCLC patients were included in the study. Twenty four NSCLC patients were consented and enrolled before surgery during 2014--2015, and 24 pairs matched tumorous and normal fresh tissue samples were collected and frozen at the time of surgery. There were 15 men and 9 women, 7 squamous cell carcinoma and 17 adenocarcinoma. in the 24 pairs of samples. In addition, 334 NSCLC patients provided 334 cancerous tissues, 132 matched adjacent normal tissues formalin-fixed paraffin-embedded (FFPE) tissue blocks from 2009--2010. At the time of surgery, patients' age ranged from 30 to 81 years, with a median of 61.3 years. Other details were shown in Table [1](#T1){ref-type="table"}. Clinical characteristics were obtained from patients' medical records. The study protocol was approved by the Human Research Ethics Committee of the Affiliated Hospital of Nantong University, Jiangsu, China.

TMPRSS11D mRNA and protein expression and statistical analysis {#s4_2}
--------------------------------------------------------------

TMPRSS11D mRNA level was determined by quantitative reverse transcription PCR (qRT-PCR) using relative quantification method by normalizing to the house keeping gene GAPDH \[[@R37]\]. The primers used are as follows: TMPRSS11D forward primer (5′- TAC ACAGGAATACAGGACTT-3′) and TMPRSS11D reverse primer (5′- CTCACACCACTACCATCT-3′), GAPDH forward primer (5′-TGC ACC ACC AAC TGC TTA GC-3′) and GAPDH reverse primer (5′-GGC ATG GAC TGT GGT CAT GAG-3′). TMPRSS11D protein expression in tissue blocks was determined using tissue microarray immunohistochemistry (TMA IHC). Rabbit polyclonal anti-human TMPRSS11D antibody was used (dilution 1:200, ab127031, Abcam, USA). The TMPRSS11D IHC data were scored using the semi-quantitative H-score method taking into account both the staining intensity and the percentage of cells at that intensity \[[@R38]\] ranging from 0--300. Subsequently, the continuous TMPRSS11D protein expression data were converted into dichotic data (low vs high) using specific cutoff values, which were selected to be significant in terms of overall survival (OS) using the X-tile software program (The Rimm Lab at Yale University; <http://medicine.yale.edu/lab/rimm/research/software.aspx>) \[[@R39], [@R40]\]. In the current study, the cutoff was 100: score 0--100 was considered low TMPRSS11D expression while 101--300 was considered high TMPRSS11D expression.

Statistical analysis was performed as described before \[[@R41]\]. Student *t* test was used to compare TMPRSS11D mRNA and protein expression between tumorous and normal tissue samples. Pearson χ^2^ tests were performed to determine the correlation between TMPRSS11D expression and clinicopathologic parameters. Univariate and multivariate Cox regression models were used to identify prognostic factors. Kaplan-Meier method was used to calculate survival curves. For all analyses, a *P*-value \< 0.05 was regarded as statistically significant. Data were analyzed using SPSS 20.0 statistics software (SPSS Inc., Chicago, IL, USA) and STATA 12.0 (Stata Corp, College Station, TX, USA).

We thank the clinical biobank members in Affiliated Hospital of Nantong University.

**CONFLICTS OF INTEREST**

The authors declare no competing financial interests.

**GRANT SUPPORT**

This study was supported by National Natural Science Foundation of China (Grant No. 81503143); Chinese Postdoctoral Science Foundation \[No.2015M581846\]; Six talent peaks project in Jiangsu Province \[2015-WSW-049\]; Key technology research of Nantong - People\'s livelihood \[MS22015114\].
